Introduction: The role of Origanum ehrenberjii against bacteria that cause enteric diseases is well known. Salmonella and Enterococcus cause high rates of enteric infections around the world. The aim of this study was to extract essential oils from cultivated and naturally growing O. ehrenberjii, compare the chemical profiles of the extracts and estimate their antimicrobial efficacy against enteric pathogens. Methodology: Sixteen compounds were recovered consistently from essential oils extracted from O. ehrenberjii of wild and cultivated origin. The chemical profiles were determined using GC-MS. Safety of the essential oils was determined by observing mortality of chicks after intramuscular administration of the oils. The antimicrobial efficacy of the oils against the enteric pathogens was determined by the KirbyBauer Single Disk Diffusion assay. Results: The levels of thymol, carvacrol, para cymene and γ-terpinene were significantly different in the two oils. A significant difference in in vitro antimicrobial activity of the two oils against Salmonella enterica serovar Typhimurium was observed. Intramuscular administration of the two oils in one day-old chicks resulted in significant differences in mortality of 60% vs. 5% (p < 0.05) for wild and cultivated herbs respectively, reflecting the higher safety of the cultivated herb due to the differences in the levels of certain active ingredients. Conclusions: The chemical profile of essential oil of wild vs. cultivated O. ehrenberjii differ significantly at compound level, suggesting the reason for their significant difference in efficacy against Salmonella enterica serovar Typhimurium, and also significant differences in the toxicity of the two oils.
Introduction
Origanum ehrenberjii is originally an endogenous herb of Lebanon, used as a decoction in folk medicine to clear enteric infections. Common side effects associated with usage include fatigue, irritation of the intestine and severe dizziness [1] [2] [3] . Attempts at cultivation of this herb were successful at the Agricultural Research and Education Center (AREC), a Research unit of the American University of Beirut located at an altitude of 1,000 m above sea level, and North at 34 o 54' latitude and East at 36 o 45' Meridian.
Enteric pathogens such as Enterococous faecalis cause high rate of infection in humans whereas
Salmonella enterica serovar Typhimurium infects both humans and animals [4] [5] [6] [7] . The wide prevalence of resistance in these organisms to conventional antibiotics [8] [9] [10] [11] has resulted in efforts to find alternative holistic approaches to reduce such infections in humans [12, 13] and in animal serving as vectors for zoonoses affecting humans [14] .
The objective of this work was to extract essential oils from O. ehrenberjii of wild and cultivated origin and compare their chemical profile and in vitro efficacy against Salmonella enterica serovar Typhimurium and E. faecalis. The toxicity of the oils were also evaluated in one-day-old chick model, a vector in zoonoses; against the established toxicity of amantadine sulfate used commercially against the influenza virus, which causes common infections between avians and humans.
Methodology

Essential oil source and preparation
Two batches of essential oil were extracted by steam distillation from two separate harvests of each of the wild and cultivated Origanum ehrenberjii. The wild and cultivated plants were cut at 10 cm above the ground, dried at room temperature for 10 days, and kept for 4 hours before distillation. The procedure of steam distillation was carried out as previously, described [15] .
Chemical profiles of extracted essential oils
The chemical profiles of the two batches of extracted oils from the wild vs. the two batches from the cultivated O. ehrenberjii were determined by a previously described procedure of GC-MS [16] .
Safety study of the essential oils
This project included 80-day-old male chicks that were humanely treated according to the approved document presented by the Animal Care and Use Committee (IACUC) at the American University of Beirut. The termination of the study took place at 48 hours post administration of the substances by humanely euthanizing the birds by CO 2 according to the IACUC set recommendations. The chicks were divided into four different groups and received the following treatments: each chick of the first group was administered intramuscularly (pectoral muscle) with 50µl of 1:600 dilution in 40 % DMSO of the essential oils from wild O. ehrenberjii. The same treatment was applied to all birds in the second group using the essential oil from cultivated O. ehrenberjii. Each bird from the third group was administered intramuscularly (pectoral muscle) with 50µl of amantadine sulfate (PK-Merz, Pharma, Frankfurt, Germany), a reference anti-influenza commercialized drug, with an equivalence of 1 mg/ml blood, according to the manufacturer instructions. The amantadine sulfate was widely used against avian influenza viruses. However, the emergence of resistance of the influenza viruses to this drug has become very evident [17] . For this reason, alternative treatments have been sought. Some of those possible alternatives include the use of holistic approaches based on the utilization of essential oils for the treatment of resistant influenza infections. The fourth group was not given any treatment and served as the control. The cumulative percentage mortality was determined in each group, following the treatments at 24 and 48 hours.
In vitro efficacy of essential oils against enteric bacteria
In vitro efficacy of the two batches of essential oils from wild and cultivated O. ehrenberjii against two enteric bacteria namely, Salmonella enterica serovar Typhimurium (Gram negative) and E. faecalis (Gram positive), was determined by Kirby-Bauer Single Disk Diffusion assay. The two bacteria were provided by Dr. George Araj, head of the Microbiology Laboratory at the American University of Beirut Medical Center (AUB-MC), Beirut, Lebanon. Briefly, each of the essential oil batches was subjected to a serial dilution with a dilution factor of 1/2 ranging from 1:100 to 1:900 in sterile 40% DMSO. Blank discs were loaded with 20μl of 40% DMSO resulting in absence of growth inhibition of both bacteria used in this experimental design. The bacterial density was adjusted to the second tube of the MacFarland series, to around 10 9 cfu/ml, before plating 0.1 ml of the bacterial suspension on Muller-Hinton agar plates (Mast Group Ltd., Merseyside, UK). The volume of each essential oil dilution applied to the sterile blank disc was 20µl. The blank disc was 6.5 mm in diameter. The agar plates were incubated at 37˚C for 24 hours.
Statistics
The statistical differences in the average percentage of each compound present in chemical profile of wild versus cultivated batches of O. ehrenberjii was determined by one-way ANOVA followed by Tukey's Test. Significant differences were reported at p < 0.05. The same statistical method was used to compare the average ratio of the percentages of Carvacrol/Thymol in the wild vs. cultivated batches of O. ehrenberjii, and also to compare the average diameter of bacterial growth inhibition in the agar plates.
Results
The consistent chemical profile of the 16 components extracted from different batches of either the wild or the cultivated O. ehrenberjii is shown in Table 1 . The essential oils and amantidine sulfate were administered intramuscularly in the pectoral muscle; 2 Cumulative % mortality in each group was recorded following the different treatments by 24 and 48 hours; 3 Amantadine sulfate (PK-Merz,Pharma, Frankfurt, Germany); 4 Control group was deprived of treatment; a-b Cumulative % mortality in a column, followed by different alphabet superscripts, are significantly different (p<0.05). Figure 1 ). This resulted in Carvacrol % to Thymol % ratio of 1.6 to 0.27 in essential oils of the wild vs. cultivated herb (p < 0.05).
Results of the in vitro susceptibility of different dilutions (1:100 -1:900) of the essential oils of wild or cultivated herb against Salmonella enterica serovar Typhimurium and E. faecalis are shown in Figure 2 . There were significant differences in the in vitro antimicrobial activity of the essential oils against Salmonella enterica serovar Typhimurium (p < 0.05), with the wild herb essential oil showing a superior efficacy. In addition, the essential oils from both sources were of comparable efficacy against E. faecalis (p > 0.05) (Figure 2 ), in spite of the higher Carvacrol and γ-Terpinene levels in the essential oil of the wild compared to that of the cultivated herb.
The data pertaining to the evaluation of the safety of essential oils derived from either the wild or the cultivated herb was carried out using a one-day-old chick as a model (Table 2) . Amantadine sulfate, used to treat influenza viral infections, was included in the safety study as a reference control since the compound had been evaluated to be safe for commercialization. This allows the comparison of the percent mortality obtained using one-day-old chicks administered either one of the two oils versus those on amantadine sulfate which is a licensed-safe drug and to the control chicks that were deprived of any oil or medication. Amantadine sulfate is known for its low toxicity to cellular systems and to living organisms, with very minimal side effects [18, 19] .
The essential oil of the wild herb proved highly toxic, killing 25% and 60 % of the chicks 24 and 48 hours after the administration, respectively. However, the essential oil of the cultivated herb was significantly less toxic, killing 0% and 5% of the chicks 24 and 48 hours after the administration, respectively (p <0.05). The two reference groups, namely amantadine sulfate and the untreated control group, had 100% survivors after 24 and 48 hours.
Discussion
This study represents the first documentation on the variation of components of O. ehrenberjii harvested from the wild vs. cultivated crop. The significant difference in the level of expression of the four active ingredients in wild vs. cultivated O. ehrenberjii is most likely due to environmental factors. A literature search on earlier publications suggests a dearth of research investigating the effect of the environment on the level of expression of different components in essential oils of Origanum species [20, 21] . One citation pointed at the effect of water stress on plant growth and Thymol and Carvacrol concentrations in the Mexican Oregano grown under controlled conditions [20, 21] . To our knowledge, no citations exists documenting the impact of other environmental conditions on the level of expression of the four compounds in the essential oil of O. ehrenberjii.
The presence of a higher percentage of Carvacrol in the essential oil of the wild vs. the cultivated herb could be the reason for its superior antimicrobial activity against Salmonella enterica serovar Typhimurium. Previous work by Verder-Unlu et al, (2007) confirmed that the anti-Salmonella enterica serovar Typhimurium activity shown in the essential oil of O. minutiflorum, endemic species in Turkey, was mainly due to Carvacrol which forms a major component in that oil (793.4 ml/l). The essential oil of this endemic Turkish species of Origanum was previously shown to be effective in an in vitro study against Salmonella enterica serovar Typhimurium [22] . The oil of other Origanum species (O. vulgare) have also been shown to have high anti-Salmonella activity [23, 24] .
The antimicrobial activity of the essential oils against both Gram-positive and Gram-negative bacteria in spite of the difference in their cell wall structure [25, 26] suggests that these oils target other biochemical pathways in the bacteria. It is worth noting that the essential oils of other species of Origanum showed an anti-E. Faecalis activity [16] . To our knowledge, there is no previous study in literature documenting the antimicrobial activity of O. ehrenberjii against Salmonella enterica serovar Typhimurium and E. faecalis, or any other related test organisms.
The toxicity of the wild as compared to the cultivated herb is most likely due to the impact of the difference in carvacrol/thymol ratios in essential oils of wild vs. cultivated herb (1.6 vs. 0.27, respectively) and possibly due to differences in the levels of the para cymene and γ-terpinene. Earlier studies have shown that carvacrol and thymol induce toxicity in mammalian cells [27, 28] . Another study showed a significant effect of carvacrol on sister chromatid exchanges in human lymphocyte cultures [29, 30] . The genotoxicity of carvacrol has also been evaluated using the Ames Salmonella/microsome test [31, 32] . These indications of toxicity by carvacrol and thymol were later shown to be due to the activity of thymol on sister chromatid leading to chromosome aberration and micronucleus in human lymphocytes even at very low drug concentrations.
In conclusion, the chemical profile of essential oil of wild vs. cultivated O. ehrenberjii differ significantly in the levels of four compounds which could be the reason for their significant difference in efficacy against Salmonella enterica serovar Typhimurium, and in significant differences in the toxicity of the two oils on baby chicks.
